A DNA fragment containing scrA and scrB, which encode enzyme II of the phosphoenolpyruvate-dependent sucrose phosphotransferase system and sucrose-6-phosphate hydrolase, respectively, was isolated from a AgtlO genomic DNA library ofStreptococcus sobrinus 6715. Both genes were located on a 4.2-kb DNA fragment which was maintained stably in Escherichia coli on low-copy-number vector pGB2. The recombinant E. coli clone expressed sucrose-hydrolytic activity on MacConkey agar base supplemented with raffinose or sucrose. Results from deletion analysis showed that the sucrose-metabolic activity was contained within a 3.5-kb region. The lactic acid bacterium Lactococcus lactis subsp. lactis LM0230, which is devoid of sucrose-metabolic activity, was used to study the enzyme activities encoded by scrA and scrB from S. sobninus 6715. L. lactis transformants carrying the 4.2-kb S. sobninus-derived DNA fragment on E. coli-Streptococcus shuttle vector pDL278 were able to grow at the expense of sucrose and exhibited enzyme II and sucrose-6-phosphate hydrolase activities.
Mutans streptococci (MS) are considered to be the principal etiological agents of dental caries (21) . The cariogenicity of two species within this group, Streptococcus mutans and S. sobrinus, has been demonstrated in humans (21) . The major virulence factors of MS associated with high cariogenicity include the ability to adhere to the tooth surface and the ability to produce acid via metabolism of dietary carbohydrates, especially sucrose (8) (9) (10) . Sucrose-dependent attachment is mediated by synthesis of water-soluble and water-insoluble glucans due to the activities of cell-associated glucosyltransferases (15) . Formation of exopolymers leads to stable binding of bacteria to the tooth surface, as well as aggregation and agglutination of the organisms (8) . The major uptake mechanism for sucrose in MS is membrane-associated sucrose-specific enzyme II (EIIP') of the phosphoenolpyruvate (PEP)-dependent phosphotransferase (PTS) system (13, 30, 31, 36) . Sucrose is transported into the cells via ETISUc and is accumulated as sucrose-6-phosphate. A second enzyme, sucrose-6-phosphate hydrolase, hydrolyzes sucrose-6-phosphate to glucose 6-phosphate and fructose (5, 37), both of which are metabolized to lactic acid via the glycolytic pathway. In addition to the sucrose PTS system, other non-PTS systems for sucrose uptake have been demonstrated in S. mutans (33) . The availability of multiple systems for sucrose incorporation enables the organisms to adapt quickly to fluctuations in sucrose concentrations in the oral cavity. Since carbohydrates are the exclusive carbon and energy source for MS and since dietary sucrose has been implicated in the development of dental caries, much attention has been focused on the mechanism and regulation of carbohydrate uptake and metabolism in these organisms (20, 32) . In this regard, genes that encode ETISUC (scrA) and sucrose-6-phosphate hydrolase (scrB) have been cloned and characterized from S. mutans GS5 (11, 22, 29) but not from other oral streptococci. Serological and * Corresponding author. genetic analyses of the two human cariogenic pathogens S. mutans and S. sobrinus revealed a number of major differences in the cariogenic properties of these two species (21) . Our ultimate goal is to elucidate the genetic basis for these differences. As a first step towards this goal, we describe here the cloning and characterization of scrA and scrB from S. sobrinus 6715.
MATERIALS AND METHODS
Bacterial strains, media, and reagents. The bacterial strains used in this study are described in Table 1 . Streptococci were grown routinely in brain heart infusion broth (Difco Laboratories, Detroit, Mich.) at 37°C without aeration. Escherichia coli MH613, kindly provided by H. K. Kuramitsu (University of Texas Health Science Center at San Antonio), was grown at 30°C with aeration in YT medium (28) supplemented with 30 ,ug of ampicillin per ml. All other E. coli strains were grown at 37°C with aeration in YT medium supplemented where indicated with spectinomycin (50 jig/ml). Lactococcus DNA isolation. Genomic DNA from S. sobrinus was isolated as described by Ausubel et al. (2) with the following modifications. Bacteria were grown to the mid-exponential phase in brain heart infusion broth supplemented with 10 mM L-threonine and 10 mM glucose. Cells were washed once with sodium phosphate buffer (10 mM, pH 7.0), digested with lysozyme (1 mg/ml of the original culture) and (SDS) and proteinase K at 100 ,g/ml. DNA was then purified from the lysate as previously described (2) . Bacteriophage X DNA was purified from phage lysates as described by Sambrook et al. (28) . Plasmid (17).
Detection of sucrose-hydrolytic activity in E. coli. The raffinose fermentation scheme described by Robeson et al. (27) was employed to detect sucrose-hydrolytic activity. The inserted DNA fragments from hybridization-positive A clones were subcloned onto E. coli vector pGB2 (7), and the resultant plasmids were transferred into competent E. coli SK1592 (28 (29), containing S. mutans scrA and scrB, was used as a probe in hybridization experiments at different levels of stringency. Hybridization under conditions of high stringency, at which about 95% homology between target DNA and the probe was required, failed to detect notable homology between the S. mutans DNA probe and the S. sobrinus genomic DNA. However, detectable homology was observed under conditions that allowed about a 25% mismatch (37°C with 30% formamide) (data not shown). This result indicated that EcoRI fragments containing scrA and scrB from S. mutans and from S. sobrinus shared limited homology. To obtain probes for screening of a S. sobrinus 6715 genomic DNA library under conditions of high stringency, an attempt was made to identify small DNA fragments from S. sobrinus that share homology with S. mutans scrA and scrB. Total cellular DNA from S. sobrinus was digested to completion with HindIlI. The digested DNA fragments were separated on 0.8% agarose gels in Trisborate-EDTA. Southern blots were prepared, and hybridizations were performed at 37°C in the presence of 30% formamide by using DNA fragments internal to scrA (PvuIIPvuII) and scrB (BamHI-HindIII) from S. mutans as probes. The results showed that two HindIII fragments of 2.7 and 1.1 kb were homologous to S. mutans scrA and scrB, respectively (Fig. 1) . These two HindIII fragments were subsequently cloned in E. coli as described in Materials and Methods. The chimeric plasmids carrying the 2.7-kb HindIII fragment and 1.1-kb HindIII fragment were designated pMC77 and pMC88, respectively. Both fragments were used as probes to screen an S. sobrinus genomic DNA library for DNA fragments that exhibit homology to scrA and scrB under high-stringency conditions.
Isolation of EIISUC and sucrose-6-phosphate hydrolase clones. Approximately 5,000 plaques were examined; 20 clones were found to hybridize to one of the two HindIII fragments. However, only three clones hybridized to both probes, and these contained inserts of 6.0, 5.5, and 4.2 kb. Restriction endonuclease maps of the three fragments showed that they share a common 4.2-kb region (Fig. 2) . The presence of unique NcoI, AccI, and SstI sites within the 4.2-kb DNA fragment was revealed. Since Hayakawa and coworkers (11) reported that scrB from S. mutans was not stable on a high-copy-number plasmid, an attempt was made to subclone each insert DNA fragment into the EcoRI site of low-copy-number vector pGB2 (7) . The sobrinus and the isolated 4.2-kb DNA fragment were subjected to digestions with various restriction endonucleases. Restriction endonucleases NcoI, AccI, SstI, EcoRV, and HindIII were used alone or in combination to digest the 4.2-kb fragment into three fragments. The presence of one common and two different hybridization signals corresponding to the internal fragment and two flanking fragnents, respectively, in the 4.2-kb DNA fragment and in total chromosomal DNA of S. sobnnus confirmed that the 4.2-kb DNA fragment was from S. sobrinus and that gross rearrangements or deletions had not occurred during manipulations (Fig. 3) .
Transformants of E. coli SK1592 containing pMC98 and pMC99 produced dark red colonies on MacConkey agar base supplemented with spectinomycin, isopropyl-IB-D-thiogalactopyranoside, and raffinose. These results indicated that the cloned fragments contained a genetic determinant that encodes sucrose-hydrolytic activity. Dark red colonies were also observed when sucrose was substituted for raffinose. The latter result suggested that the 4.2-kb DNA fragment may contain both scrA and scrB. To determine whether the scrB-specific 1.1-kb HindIII fragment contains all of scrB, we examined the sucrose-hydrolytic activity of an E. coli SK1592 transformant harboring this fragment on MacConkey agar base supplemented with raffinose. Sucrose-hydrolytic activity was not detected in this transformant, indicating that the 1. (Fig. 4) . These data indicated that 3.5 kb was required for expression of the sucrose-hydrolytic phenotype, and perhaps also for EIISuC activity.
Sucrose-metabolic activity expressed by L. lactis subsp. lactis LM0230 containing S. sobrinus scrA and scrB. To transfer scrA and scrB cloned from S. sobnnus into L. lactis subsp. lactis LM0230, the 4.2-kb DNA fragment was subcloned from pMC99 onto E. coli-Streptococcus shuttle vector pDL278 (18, 19) in both orientations. Chimeric plasmids pMC127-1 and pMC127-2 were transferred into L. lactis subsp. lactis by electroporation as described in Materials and Methods. The presence of the hybrid plasmid in L. lactis subsp. lactis was confirmed by isolating plasmid DNA from the transformants (1) . The function of the putative S. sobrinus-derived scrA and scrB genes was examined by two criteria: growth of the transformants at the expense of sucrose and EIlUC and sucrose-6-phosphate hydrolase activities in the transformants. Transformants containing pMC127-1, pMC127-2, or pDL278 were grown at 37°C in FMC medium supplemented with 10 mM sucrose or 20 mM glucose as a positive control for growth (Fig. 5) Cultures of L. lactis carrying pMC77, pMC127-1, or pMC127-2 and cultures of S. sobrinus 6715 were harvested during the late-exponential phase of growth (A6. of 0.6 to 0.7) and assayed for PTS activity on sucrose and on glucose and for PEP-dependent sucrose-6-phosphate hydrolase activity ( Table 2 ). All cultures exhibited EIIg"`activity. Com- parable ETISUC and sucrose-6-phosphate hydrolase activity levels were observed in MC127-1, MC127-2, and S. sobrinus 6715. No detectable EIISuc or sucrose-6-phosphate hydrolase activity was observed in MC77. These results indicated that the 4.2-kb DNA fragment contains scrA and scrB. DISCUSSION MS utilize sucrose as a carbon and energy source primarily via a sucrose-specific EII of the PTS which simultaneously phosphorylates and transports sucrose into the cell as sucrose-6-phosphate (26) . Sucrose-6-phosphate is then hydrolyzed by sucrose-6-phosphate hydrolase to glucose 6-phosphate and fructose. Two genes, scrA and scrB, which encode EIISuc and sucrose-6-phosphate hydrolase, respectively, have been cloned from S. mutans GS5 (11, 22, 29) , and close linkage of these two genes has been demonstrated (29) . DNA sequence analysis showed that scrA and scrB are adjacent to each other within a 6.6-kb EcoRI fragment on the S. mutans chromosome and that they are transcribed divergently from opposite DNA strands. On the basis of this information, we attempted to clone fragments from S. sobninus 6715 that were homologous to the EcoRI fragment containing scrA and scrB of S. mutans GS5. A 14-kb EcoRI fragment, identified in total cellular DNA of S. sobrinus 6715, was found to share limited homnology with the 6.6-kb EcoRI fragment of S. mutans GS5. However, repeated attempts to clone the 14-kb EcoRI fragment from S. sobrinus total cellular DNA by using a variety of E. coli plasmids and phage cloning vectors were not successful. E. coli may not be an ideal host for the study of sucrosemetabolic genes and acid production from sucrose by oral streptococci, since E. coli metabolizes sugars through a mixed-acid fermentation pathway rather than a homolactic acid fermentation pathway. Furthermore, the components of the PTS system of gram-negative bacteria may not complement those of gram-positive bacteria (26) , and some streptococcal structural genes cloned in E. coli are expressed differently by the new host (11, 22) . On the other hand, the presence of multiple mechanisms for sucrose metabolism in MS makes the evaluation of each mechanism in acid production extremely difficult. The lack of an appropriate transformation procedure for S. sobnnus (6) further limits direct analysis of the contribution of any one element to the cariogenicity of this species. Therefore, to conduct a study of EIISuc and sucrose-6-phosphate hydrolase encoded by genes from S. sobninus, a totally sucrose-negative streptococcal host system with certain key properties comparable to those of S. sobrinus was sought. L. lactis subsp. lactis LM0230, formerly S. lactis, not only undergoes homolactic acid fermentation for energy generation but also has lost all activity for utilization of sucrose. It does not possess ETISUC and sucrose-6-phosphate hydrolase or any other sucrosemetabolic activity, such as glucosyltransferase or fructosyltransferase activity. Moreover, a genetic transformation procedure in L. lactis subsp. lactis LM0230 is available (25) . Thus, this strain appears to be an ideal host to provide a streptococcal background for studying sucrose metabolism. We subcloned the 4.2-kb S. sobninus-derived DNA fragment onto an E. coli-Streptococcus shuttle vector and transferred the chimeric plasmid into L. lactis by electroporation. At first glance, it may seem possible to clone scrA and scrB from S. sobrinus directly in L. lactis subsp. lactis LM0230 and then screen for transformants that are able to utilize sucrose. However, the efficiency of electroporation using ligated DNA mixtures is less than 103 transformants per p,g of DNA. Such low frequencies suggest that strain LM0230 is not a good host for shotgun cloning of chromosomal DNA. (Fig. 6) . Future studies will be aimed at comparisons of these two genes and their products, from both MS species, at the levels of DNA sequence, enzyme kinetics, and transcriptional and translational control. In summary, we have isolated a DNA fragment that encodes ETISUC and sucrose-6-phosphate hydrolase from S. sobrinus 6715, and we have successfully used L. lactis subsp. lactis LM0230 as a host to examine the enzyme activities of the S. sobrinus-derived gene products. This system will allow comparison of enzyme activities from different oral streptococci in the absence of any activity other than that due to the introduced genetic information.
